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SUMMARY

The author establishes that there is a foundation for the assertion
that relict radiation of the Universe was discovered as early as a quarter
of a century ago, but remained unintelligible till recently. In the current
note the author discusses the influence of that radiation on the rotational
temperature of interstellar molecules.

*

The recently revealed isotropic radiation of the sky in centimeter
waves [1] much rather has a relict character, i. e., it is connected with
an earlier evolution of the initially hot Universe [2]. This radiation is
apparently Planck with temperature T,~ 3°. Its intensity maximum corres-
ponds to the spectral region near 1 mm, and the energy density of this ra-
diation in the Universe is ~1 ev/cm3, which is substantially greater than
the density of all other forms of energy (besides pc , where p is the mean
density of matter in the Metagalaxy).

A radiation of such a high density must, generally speaking, exert a
certain influence upon the physical state of the matter in the intergalac-
tic and interstellar space. We shall consider in the present note the in-
fluence of this radiation on the rotational temperature of interstellar
molecules.

As 1s well known, diatomic molecules CH, CH*and CN were discovered
in the interstellar space by optical astronomy methods. Recently the OH
molecule was discovered by radiostronomical method. If these molecules
are in the field of ''relict'" radiation, it may be easily ascertained that
the excitation of their rotational levels must be realized exclusively by
way of radiation absorption. In reality, the probability of such an absorp-
tion, computed for one molecule will be

h\)/kTp “ -1

Bioupy = Ay (e 1)

#  RELTIKTOVOYE TZLUCHENIYE VSELENNOY I NASELENNOST' VRASHCHATEL'NYKH
UROVNEY MEZHZVEZDNYKIH MOLEKUL.



where B;, and A,; are Einstein factors, u,, is the spectral density of
the relict radiation corresponding to the temperature Ty~ 3°. We may con-
sider in the first approximation that A,; 1s determined by the classical
expression

Ay = 812/3 * e2/Mc -I/A%

where M is the reduced mass of the molecule,A, is the wavelength of the ro-
tational spectrum line. In the most interesting case of molecule CN we
have A, = 0.26 cm, which is rather near the wavelength to which corresponds
the relict radiation maximum. In other interstellar molecules, such as
hydrides, » is about 5 times smaller and is located in the vinous region of
relict radiltion.

Assuming M ~ 10723g, we find that

A,y V3 -107% sec™l,
B,,Uy; 5 - 107 %sec™ !,

while the probability of excitation by collision with hydrogen atoms is
nH G v e-h\J/kT’

where & ~ 10 1°cm? is the effective cross section, v ~ 10° cm/sec is the
thermal velocity of hydrogen atoms, ng ~ 10 cm-3 is the concentration of
hydrogen atoms in the interstellar gas clouds. Having completed the cal-
Culat}?ns, w? find that the probability of excitation by collision is

v 107 sec .

Since the population of the lower rotational levels of interstellar
molecules is regulated by the relict Planck radiation with temperature Ty,
it will be described by the Boltzmann formula for the same temperature.
Because of comparative smallness of the rotational constant By only at the
CN molecule, the population of the second rotational level, at Tr = 3°,
will be comparable with the population of the first level. In other inter-
‘stellar molecules — the hydrides — the population of rotational excited
levels are negligibly small.

Let us now estimate the optical thickness of the interstellar medium
for radiation in the frequency of the CN rctational line, A, = 0.26 cm.
The absorption coefficient k,, is determined by the Doppler velocities of
interstellar medium's clouds, whereupon the role of negative absorption
at T, ~ 3°K is negligibly small :

k =,._1T_. . eZ .)\_(.zln nv3.5-10713 ¢+ n cm !
Yo mc? axp N CN

Assuming the concentration of molecules as being CN ~ 3 10 %cm”3
(see [3]), and the extension of the interstellar medium layer in a direction



perpendicular to the plane of the Galaxy,/ ™~ 3 .10°Y cm, we shall find that
the optical thickness at the center of the line in that direction will be

that is, the metagalactic radiation in these frequencies will freely penetra-
te the interstellar medium and excite the molecules CN. V. I. Slysh called
our attention to the fact that Adams revealed the interstellar rotational
line of CN absorption, in which the initial level is excited [4]. This ques-
tion was considered at length in 1947 by McKellar [5]. According to Adams'
estimate, the relative intensity of the lines R(0) A 3874.00 and R(1) X 3874.61
is 5 : 1. Hence McKellar found that the excitation temperature cf 2.3°, in
perfect agreement with the temperature of relict radiation discovered in the
course .of the past year. McKellar stressed the fact that the integral ra-
diation of stars of our Galaxy cannot explain the excitation of the rota-
tional levels of interstellar molecules CN. Therefore, we have a basis to
assert that experimentally, the relict radiation of the Universe was disco-
vered a quarter of a century back; however, the required theoretical conclu-
sions of that discovery were not then made, and it was unintelligible.

This work was reported to the Astrophysical Colloquium of the State
Astronomical Institute in the name of Shternberg on 7 October 1965. We re-
cently were made aware of the fact that, independently and practically si-
multaneously,an analogous investigation was conducted by Field, who present-
ed his work at the cosmological conference held in Miami, Florida in the
middle of December 1965.

*** T HE END LS
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